Introduction
ATP and NADPH are generated in the light as the energy source for C 0 2-reduction in the re ductive pentose-phosphate cycle. Light, however, is also needed to regulate certain key enzymes of different metabolic steps including C 0 2-fixation [1, 2] , sulfate reduction [3, 4] , and nitrate reduction [5 -7, 20] . Evidence has been presented that at least some of the light activation properties can be ex plained by coupling the electron transport chain to a thioredoxin reductase forming reduced thiol groups of thioredoxins, which in turn activate (or inacti vate) key enzymes as discussed above.
The activation step by thioredoxins has been ana lyzed in detail using different organisms [1, 8, 9] including cyanobacteria [4, [10] [11] [12] [13] , No inform a tion, however, has been obtained for the mechanism of the reoxydation of thiols commonly referred to as dark inactivation.
Evidence is presented in this paper that Synecho coccus 6301 contains a m em brane-bound cysteine oxydase, which catalyzes the oxydation o f cysteine to cystine with m olecular oxygen. (Pasteur Institute, Paris) and grown as axenic cul ture as described previously [3] . Thiol compounds to be analyzed were added to sulfate grown cultures after 3 days of growth by sterile filtration to a final concentration of 3 x 10~4 m [14] and cells were harvested 24 h later.
Materials and Methods

Organism
Preparation o f membrane fractions
Cells were harvested by centrifugation and to 1 g of wet cells 5 ml of Tris-HCl buffer pH 8.0 (contain ing 10 m M MgCl2 and 10 m M mercaptoethanol) was added. Cells were broken at 12.000 PSI; the m em brane fraction was collected by centrifugation and the pellet fraction was washed once with 0.05 m Imidazol-buffer pH 8.0, afterwards taken up in the same buffer and treated 3 times for 10 s by Bonifica tion (Model Branson sonic power). The membrane fraction obtained in this way was used for the ex periments.
Chlorophyll determination
Chlorophyll was determ ined according to the procedure of Amon [15] .
Measurement o f thiol oxydation
Thiol oxydation was analyzed following the dis appearance at thiol groups with the Ellman reagent (DTNB). For these measurements a Zeiss filter photom eter was used at 436 nM ; the s for DTNB at this wavelength was calculated to 10.9 (m M ). A control without addition was run in parallel to correct for autoxidation of thiol groups not cata lyzed by the m em brane fraction.
Measurement o f oxygen uptake
Oxygen uptake was followed with a Hansatech d ark type electrode coupled to a W + W recorder model 312 (Bachofer, Reutlingen).
Chemicals
Thiol compounds including DTNB were obtained from Sigma (München) whereas all other chemicals not mentioned were purchased from Merck (D arm stadt).
Results
Membrane fractions of Synechococcus catalyzed the oxydation of cysteine are shown in Fig. 1 . This oxydation was followed by the disappearance of free thiol groups o f cysteine using a control w ithout addition of m embrane fractions as a control for thiol autoxydation. The cell with the m em brane Table 1 ; however the temperature was set to 37 °C. At the tim e intervals indicated 50 |il aliquots were withdrawn and pipetted into a cuvette containing 950 |il water and 1 nmol o f DTNB-reagent. The optical density read at 436 nm was plotted against the time. Table I , however the temper ature was held at 33 °C.
fraction starts at a higher absorbance since the membrane fraction adds to the absorbance at 436 nm, which was used for the DTNB m easure ments. It is evident from these data that a m em brane-catalyzed cysteine oxydation can be followed in relation to the incubation time. The electron acceptor for this cysteine-oxydation is molecular oxygen ( 0 2) which is evident from the traces of Fig. 2 . It shows a trace of the oxygraph; the reaction was measured first without addition of m em brane fractions to measure cysteine autoxidation and the addition of the membrane fraction is m arked with an arrow. Addition of 1 mM KCN stopped the oxygen consumption, whereas addition o f 100 units of catalyse did not affect the rate. The ratio of oxygen uptake and cysteine oxydation was followed by measuring these two rates side by side using the same buffer, same tem perature, same cysteine con centration and the identical m em brane fraction. The data obtained are summarized in Table I. A ratio of one oxygen to four cysteines oxydized was found, which suggests a direct reduction of oxygen to water. The interm ediate form ation of H20 2 was not detected, however the m em brane fraction contained also catalase activity, although with rates evidently not high enough to allow a reaction sequence with H 20 2 as an interm ediate, which would be in accord with the observation of Fig. 2 that addition of catalase did not alter the The thiol specificity of the Synechococcus m em brane fraction for this reaction sequence was ana lyzed using the DTNB-method with different cysteine analogues and some artificial thiol. These data are summarized in Table II Com parable rates of cysteine oxydation were measured using m em brane fractions of cells which had been grown for 24 h before harvest with addi tion of different cysteines and methionines. These data are summarized in Table III . The rates are in the range of 200 (imol cysteine oxydized per mg chlorophyll and hour with the exception of O-methylcysteine, however, this thiol is already toxic for Synechococcus.
Discussion
Light activation and dark inactivation of enzymes has been documented for higher plants [1, 16] , green algae [5, 20] and cyanobacteria [4, [17] [18] [19] , The activation mechanism has been traced to thioredoxins [1, 8, 9] , Thioredoxins are low-molecular weight proteins containing at least one disulfide group which can be reduced and oxydized in a catalytic manner [9] , These thioredoxins are reduced either by a ferredoxin-dependent ferredoxin-thioredoxin reductase [2, 10] , or a N A D PH 2-dependent thioredoxin-reductase [21, 22] ; thus either ferredoxin or N A D PH 2 oxydation is coupled to the reduction of thiol groups. By this mechanism the light perception of the electron transport chain is transferred via thiol groups to generate active enzymes.
No information is available up to now for the light-independent oxydation o f thiols, which seems to be necessary to inactivate these enzymes active during the light period. Evidently electrons have to be transferred to oxygen, since no inactivation was found under anaerobic conditions at least for a higher plant leaf [23] .
Evidence from the cyanobacterium Synecho coccus 6301 of this paper clearly demonstrates that a cysteine oxydase is present in a m em brane bound form, which will transfer the electrons to m olecular oxygen with the formation of water. If H 2O 2 is an intermediate in this reaction is not known; however catalase activity was present in these m em brane fractions, although the rates measured seem to be not high enough to destroy all H 2C>2 which should be formed if it is an intermediate. Secondly ad d i tion of 100 units o f catalase did not alter the oxygen uptake rate, which again favours the idea o f a direct reduction of O2 to water without H 2O 2 as inter mediate. The inhibition of KCN points to inhibi tion of cytochromes, thus the easiest explanation would be the feeding of electrons from cysteine into the electron transport respiratory chain with cou pling to oxygen by the term inal a -a 3 complex [24, 25] , which then would possibly even be used for ATP-formation. Such a system would be a thiol respiration.
If living cells have a system for enzyme activa tion, as shown for the thioredoxin system, the cells should have an inactivation system as well, since it should be needed for an efficient regulation. Our view of the thioredoxin system interacting with the cysteine oxydation system is sum m arized in Fig. 3 . Thiols are reduced by the electron transport chain and are inactivated by the oxydation of cysteine; the system thus provides a balance between the re ducing power on the one side and the oxydation capacity at the other side. This reaction sequence (probably shortcut by a direct reduction of cystine with reduced thioredoxin) seems to be a Mehlertype reaction where water is split to oxygen and this oxygen is used to produce water again, however m ediated by a thiol oxydation. This would be a new type of light-induced oxygen consumption.
For the balance of the reaction sequence dis cussed above, the cysteine concentration is of critical influence for the cell, since high cysteine concentrations would increase the oxydation rate and this would affect the activation state of thioldependent enzymes. This might be the reason that high cysteine concentrations (1 mM) are toxic for algae [14] , This membrane catalyzed cysteine oxydation is not a unique property o f Synechococcus 6301, since we found it also with rates measured and expressed according to Table III 
